We report on the Doppler-free spectroscopy of the 5s2 'So (F=9/2) -5s5p 3P0 (F=9/2) clock transition of s7Sr atoms trapped in a one-dimensional optical lattice and discuss its prospects as a future optical standard.
In quest of the novel scheme for a future optical standard, we have explored the feasibility of an "optical lattice in which millions of neutral atoms trapped in an engineered optical lattice serve as quantum references effectively free from light-field perturbations. In this scheme, subwavelength confinement of atoms provided by an optical-lattice with less than unity occupation eliminates both the Doppler and collisional shifts, which are known to cause major uncertainties in optical standards with freely falling atomic ensembles. By thus sharing the advantages of both, the single ion4 and the neutral a t~r n~'~ based standards, the proposed scheme will allow the high accuracy and stability at the lo-'* level3 for an interrogation time of only 1 second.
In this presentation, we report on the demonstration of the "optical lattice clock" by performing spectroscopy on the 5s2 'SO (F=9/2) -5s5p 3 P~ (F=9/2) clock transition of 87Sr atoms trapped in a one-dimensional optical lattice. To form a light shift trap, the 'SO and the 3 P~ states are optically coupled to the upper respective spin state^"^ by an off-resonant standing wave laser tuned to a "magic wavelength" that produces the same amount of light shifts for both the 'SO and the 3 P~ states. This optical lattice potential confines atoms in the Lamb-Dicke regime for a clock laser propagating along the fast axis of the optical lattice, therefore permits the recoil-free as well as the Doppler-free spectroscopy2, while the applied light shift perturbation is canceled out. In our primary search for the ultra-narrow clock transition with a natural linewidth of 1 mHz at 698 nm, we applied a uenching laser that provides line broadening as well as population transfer to the long lived Pz state. Then the clock transition was sensitively detected by utilizing electron shelving technique. In order to observe a narrower spectrum free of light shifts of the quenching laser, we alternately chopped the clock and the quenching laser and obtained the carrier linewidth of 600 Hz, which was mainly limited by the current laser instability. By investigating the lattice wavelength dependence of the carrier linewidth, we have determined the magic wavelength to be 813.5(7) nm.
